Previously, we isolated a novel compound from the neonatal rat brain and identified it as b-citryl-L-glutamate (b-CG). [1] [2] [3] In addition, b-CG was found in not only the brain of neonatal rats but also the testis and lens of adult rats. 4, 5) This compound appeared at high concentrations during the period characterized by growth and differentiation of neurons, spermatozoa and lens-fibercells in each tissue. [4] [5] [6] [7] Recently, we found two facts. 1. b-CG was localized exclusively in the primary cultured neurons 6) and in the neurons which differentiated from retinoic acid-treated P19 cells.
This compound appeared at high concentrations during the period characterized by growth and differentiation of neurons, spermatozoa and lens-fibercells in each tissue. [4] [5] [6] [7] Recently, we found two facts. 1. b-CG was localized exclusively in the primary cultured neurons 6) and in the neurons which differentiated from retinoic acid-treated P19 cells. 8) P19 is a cell line derived from mouse embrional carcinomas (EC). 9) 2. The concentration of b-CG increased significantly with the differentiation of P19 cells into neurons. 8) b-CG may play important roles in the growth and differentiation in the brain, testis and lens. However, the functional roles of b-CG are unclear.
While, SRY, a candidate gene responsible for testis determination, has been isolated from the sex determining regions of human and mouse Y chromosome. 10, 11) SRY encodes a protein with a DNA-binding motif known as the high-mobility-group (HMG) box. 10, 11) In addition to SRY, genes encoding an SRY-type HMG box (SOX genes/sox) have been identified by polymerase chain reaction (PCR) with primers based on the conserved amino acid sequence of the HMG boxes of mammalian SRY. [12] [13] [14] [15] [16] [17] [18] No less than 30 types of SOX gene have been isolated from humans, 19) mice and rainbow trout, and they have been considered to be related to the regulation of cell differentiation and to the differentiation pattern. 17, [20] [21] [22] [23] Sox6 showed the characteristic expression pattern and distribution among the sox family and it was specifically expressed during cell differentiation in tissues including the immature brain and adult testis. 24, 25) The developmental changes in the brain or testis and tissues distributions of Sox6 were markedly similar to those of b-CG studied by us.
2-4) Therefore, we have the interest for the relationship between Sox6 and b-CG.
Sox6 has been cloned only in mice, 25) human 26) and rainbow trout, 24) and thought to function as a transcriptional regulation factor. Sox6 was preferentially expressed, when 3 kinds of cells including nerve cell, spermatide and the optic vesicle cell differentiated, and b-CG in these cells also remarkably increased in the same time. However the developmental changes and distributions of b-CG have been mainly examined in rats.
2-4) So, we intended to examine the cloning of the Sox6 gene from rat and the distributions of rSox6 (rat Sox6) mRNA. In this study, rSox6 cDNA was cloned by PCR with primers based on the mSox6 (mouse Sox6) cDNA from the adult rat testis cDNA library. The organ distribution and the developmental changes were examined by Northern blotting and a Real-time quantitative reverse transcription (RT)-PCR method.
MATERIALS AND METHOD

Materials
The SuperScript cloning system and Escherichia coli DH5a competent cells were obtained from GIBCO/BRL and Takara Shuzou. Oligodeoxynucleotides were custom synthesized at Amersham Pharmacia Biotech. The pGEM-T Easy Vector Systems was obtained from Promega. GeneScreenPlus was purchased from NEN Life Science Products. All other reagents were purchased from commercial sources and were of the highest grade available. P19 cell was provided from ATCC.
P19 Cell Culture and Retinoic Acid (RA) Induction Routine culturing and induction were performed according to the method of Rudnicki and McBurney. Induction was performed by absorbing cell aggregation at 1ϫ10 5 cells/ml in 5ϫ10 Ϫ7 M all-trans RA (Sigma) for 96 h. After induction, cell aggregates were treated with 0.025% trypsin-0.1 mM EDTA in phosphate-buffered saline (PBS) for 10 min at 37°C, and dissociated by pipetteing. The cell suspensions were washed 3 times by PBS and plated on 100f dish or glass multiwell plate (12-well culture plate, Iwaki) precoated with 0.1% gelatin and 0.1% poly-ornithine (Sigma) at 3ϫ10 5 cells/ml. They were maintained in a-MEM containing serum (2.5% FCS, 7.5% CS). The medium was changed every 2 d. On 2 d after inoculation, cells were exposed to 20 mM cytosine arabinoside for 2 d.
Total RNA and mRNA Isolation Total RNA was isolated by the AG-PC method as previously described. 27) Poly(A) ϩ RNA was purified using the QuickPrep micro mRNA Purification Kit (Amersham Pharmacia Biotech) from the brain, heart, lung, liver, kidney, ovary, whole eye and testis. Determination of rSox6 mRNA in the Culture Cells with RT-PCR The DNA fragment corresponding to the rSox6 and Glyceraldehydes-3-phosphate dehydrogenase (G3PDH) was amplified by RT-PCR (primers used in rSox6 RT-PCR, ms-1621U, 5Ј-TACAGCAGCAGCACAAGATT-A-3Ј and ms-1326L, 5Ј-CGTGTTCTTTCCTTCTCAGTC-3, primers used in G3PDH RT-PCR G3PDH sens2, 5Ј-TGAAGGTCG-GTGTCAACGGATTTGGC-3Ј and G3PDH ansen, 5Ј-GTG-GTGGACCTCATGGCCTTACATGGC-3. The density of the band for rSox6 and G3PDH was measured by NIH image. To normalize for sample loading, the ratio of the quantitative detection of each rSox6 band to the corresponding G3PDH band was taken. Each bar represents the meanϮS.E. of the three experiments in each group.
Isolation of the rSox6 Gene and Construction of Adult Rat Testis cDNA Libraries
The DNA fragment corresponding to the rSox6 was amplified by RT-PCR and nested PCR, (primers used in 1st PCR, 635U, 5Ј-CAAAGGGAAT-GTGGAAATGA-3Ј and 800L, 5Ј-AATCTGTCTCACA-CG-TTCG-3; 2nd (nested) PCR, 929U, 5Ј-GGATGGAGAGGA-AGCAA-TGAC-3 and 2013L, 5Ј-CTGGGCTGTTGTTTCA-TCCTT-3, 1799U, 5Ј-CGTACAGTTCATTCCGTCAA-3 and 2791L, 5Ј-CTCTAGGTGGATT-TTGCTTA-3, 2412U, 5Ј-C-CCCAATTAACAGGAAAGTCAA-3 and 3282L, 5Ј-GTTG-GGGGAAAGGGAGCGAAAT-3). The RT-PCR amplified cDNA fragments were ligated by the pGEM-T Easy Vector Systems to the pGEM-T Easy Vector (Promega). The nucleotide sequence was determined by the dideoxy method. 28) To determine the full sequence of rSox6, adult rat testis cDNA libraries using the linker-primer method 29) were constructed. Adult rat testis poly(A) ϩ RNA was purified using an Oligotex-dT30 mRNA Purification kit (Takara Shuzou) from total RNA. A cDNA library was constructed with the SuperScript cloning system (GIBCO/BRL). The cDNA fragments were ligated to the pSPORT 1 Vector. The 5Ј-end and 3Ј-end fragments of rSox6 RT-PCR fragments were amplified from adult rat testis cDNA libraries by PCR (primers used: 5Ј-end, pspo545, 5Ј-ATGCTTCCGGCTCGTATGTTGT-3Ј and 373L, 5Ј-GGTCAAGTCCTGGGTCAT-3; 3Ј-end, 2393U, 5Ј-TGT-GTATCCTGGTGCTATTA-3 and pspo-1039, 5Ј-AAGGGA-AGAAAGCGAAAGGA-3).
Northern Blot Analysis Northern blot analysis was performed essentially as described previously. 26) Briefly, total RNAs were prepared from 2, 14, 21 day-old and adult rats. A mouse Sox6 cDNA probe was prepared from a mouse Sox6 cDNA clone by 32 P-labeling the 1.5 kb Acc I restriction fragment (nucleotides 460-1992), which comprised sequences at the 5Ј-end of the cDNA but excluded the HMG box, using the Random Primer Labeling kit (Takara Shuzo). The hybridization signal for rSox6 was detected by Bas1000Mac.
Real Time Quantitative RT-PCR The transcripts of the genes of rSox6, G3PDH and hypoxanthine-guanine phosphoribosyltransferase (HPRT) were quantified with quantitative real time RT-PCR (PE Biosystems). Briefly, the poly(A) ϩ RNA was isolated from each sample using a QuickPrep micro mRNA Purification Kit (Amersham Pharmacia Biotech).
Quantitative Real time RT-PCR 30, 31) was performed using a PE Biosystems ABI PRISM 7700 sequence detection system. rSox6 and G3PDH was performed with the TaqMan 2X PCR Master Mix (PE Biosystems), HPRT was performed with the SYBR Green PCR Master Mix (PE Biosystems) with 2 ng of poly(A) ϩ RNA for each reaction. mSox6 cDNA was used for quantification of rSox6 in the brain as standard. For the other quantification, adequate sample was used as standard. Real time RT-PCR with the TaqMan 2X PCR Master Mix was performed with specific primers and probes corresponding to different genes. For each mRNA detection, a fluoro-genic probe and two primers for PCR (forward and reverse) were synthesized (Amersham Pharmacia Biotech). For rSox6 mRNA detection, the forward and reverse primers were 258F, 5Ј-TAACTCGCAGGCTAACACAAAGAG-3Ј, and 353R, 5Ј-CAGAAGTCACTGGTAAATCGCCTT-3Ј. The internal probe was 5Ј-(FAM)-CCTGCCCTCTGTCACTGT-CACTTTCATGA-(TAMRA)-3Ј. TaqMan Rodent GAPDH Control Reagents (PE Biosystems) was used for rat G3PDH mRNA. Real time RT-PCR with the the SYBR Green PCR Master Mix was performed with specific primers, the forward and reverse primers were HPRT 482F, 5Ј-CCTCC-CATCTCCTTCATGACA-3Ј, and HPRT 631R, 5Ј-GATTA-GCGATGATGAACCAGGTT-3Ј.
RESULTS AND DISCUSSION
Changes in Sox6 mRNA and b b-CG Concentration in the Differentiation of P19 into Neuronal Cells in Response to RA
The developmental change of Sox6 gene expression in RA-treated P19 cells was examined with RT-PCR (Fig. 1) . The expression of Sox6 mRNA increased transiently before the differentiation of RA-treated P19 cells into neuronal cells and then it disappeared at culture day 5. While the concentration of b-CG was low during the treatment of P19 cells with retinoic acid, but b-CG was increased to be the highest concentration at culture day 5 when RA-treated P19 cells were induced to form neurons as already reported. 8) This may suggest that the signal of Sox6 was concerned in either stage of the biosynthetic pathway of b-CG, for example biosynthesis The Sox6 mRNA level in cultured P19 was determined by RT-PCR. To normalize for sample loading, the ratio of the quantitative detection of each rSox6 band to the corresponding G3PDH band was taken. By quoting the value of b-CG concentration from the report by us, 8) it was plotted. Each bar represents the meanϮS.E. of the three experiments in each group. ᭺, Sox6/G3PDH; ᭹, b-CG/DNA (ng/mg).
Fig. 2. Nucleotide Sequence of rSox6 cDNA and Comparison of the Predicted Amino Acid Sequence in Four Species
(a) Nucleotide sequence of rSox6 cDNA and its deduced amino acid sequence were shown. Nucleotides were numbered under the sequence. Amino acids were numbered on the right. In-frame stop codon was indicated with an asterisk. (b) Comparison of the amino acid sequence of rSox6 (rat), mSox6 (mouse), hSox6 (human) and SoxLZ (rainbow trout). Alignment was obtained using GENETYX-MAC software (Software Development). Identical amino acid sequences were shown, and conservative amino acids were boxed. The identical leucines in the leucine zipper (residues 184 to 205) were indicated with asterisks. The glutamine rich region was double-underlined. The HMG-box was shaded.
(a) (b) enzyme. These problems will be clarified by examining the changes of b-CG concentration in the overexpressed or the expression-suppressed P19 cells of Sox6. PCR Cloning of Sox6 cDNA from the Adult Rat Testis cDNA Library To examine Sox6 gene expression in rat testis, RT-PCR was performed using a primer design based on the mouse Sox6 gene and the expression of Sox6 gene was clearly confirmed (data not shown). So, amplified fragment was cloned by the TA-cloning, and the sequence was determined. Furthermore, the PCR fragments, which included the sequence of 5Ј upstream and 3Ј downstream in this fragment, were cloned from adult rat testis cDNA library prepared by the linker-primer method. Each fragment was sequenced and the complete sequence of rSox6 was determined ( Fig. 2(a) ). The analysis of this sequence revealed that it contained a 2361 bp long open reading frame that encoded a polypeptide of 786 amino acid residues.
Comparison of this cDNA with the mouse, human and rainbow trout homologous cDNA exhibited an overall amino acid sequence identity of 99.6, 89.3 and 76.3% respectively (Fig. 2(b) ). The rSox6 contained a leucine zipper, a glutamine-rich region, and an HMG box in the arrangement as well as in mouse, human and rainbow trout Sox6. The predicted amino acid sequences of the HMG box in the rat, mouse and human Sox6 showed 100% identity. In addition, all 3 types of motif were completely conserved between rat, mouse and human. Previously, Takamatsu N. et al. reported that Sox6 (Sox-LZ) in rainbow trout showed transactivation activities, and its leucine-zipper and glutamine rich regions play important roles in cell-type specific transcriptional regulation of the gene. 24) Since these motifs of Sox6 were conserved in the rSox6, rSox6 was suggested to have the same function as that of the reported Sox6. 24, 26, [32] [33] [34] Organ Distributions of the rSox6 Gene Mouse Sox6 was reported to be expressed in neonatal brain and adult testis.
32) The organ distributions of rSox6 mRNA were examined in adult rat by Northern blotting (Fig. 3) . The expression of rSox6 was strongly detected only in testis, but not in the other organs including the brain. Similar distribution patterns were obtained in mouse Sox6.
Developmental Changes of Sox6 Gene Expression in Rat The expression of rSox6 in the testis was not detected in 2 weeks old rats, but then gradually increased with growth as well as in mouse Sox6 (Fig. 4(a) ). The expression of rSox6 in the brain was detected at 2 d old, but disappeared at 21 d old (Fig. 4(b) ). It was not detected in the adult rat brain. The results were representative of three separate experiments. A band for rSox6 mRNA was detected at a position corresponding to 3.3 kb. Another band was detected at a position of 8.5 kb only in the brain. Whether this is rSox6 itself or a splicing variant of rSox6 is unclear at present, and further studies will be needed to resolve this.
Real-Time Quantitative RT-PCR Analysis of rSox6 Expression The expression of rSox6 gene was also examined using the Real-time quantitative RT-PCR method (Fig. 5) . During the development of the testis, the expression of rSox6 mRNA gradually increased and reached a plateau at about 40 d after birth (Fig. 5(a) ). The expression of rSox6 in the brain was separately examined in cerebrum and cerebellum ( Fig. 5(b) ). The highest expression of rSox6 was found at day 1 and then the expression decreased markedly at day 14 in both tissues. Sox6 signal was not detected at day 49 (data not shown). Developmental change in rSox6 in the testis and the brain suggest that rSox6 may play some role in the differentiation and the growth of neuronal cells in the brain and the spermatogenesis in the testis.
rSox6 was also expressed in the adult eyeball and slightly in the ovary (Fig. 5) . The expression of rSox6 in the heart, kidney, liver and lung could not be detected. Recently, Lefebvre et al. (1998) reported about a transcript which its molecular weight was higher than the mSox6 transcripts (short form) previously reported. 33) A Sox6 transcript with the higher molecular weight was called as long form Sox6. The short form mSox6 was expressed predominantly in neonatal brain and adult testis. 32) By contrast, the long form mSox6 was most abundantly expressed in skeletal muscle, although it was expressed at varied levels in the other tissues such as heart, spleen, liver, and kidney of adult mouse. 32) In this study, rSox6 expression could not be detected in the organs except neonatal brain, adult testis, whole eye and ovary. It was considered that the Real-time quantitative RT-PCR with oligo d(T) used by us could not extend completely from the downstream because the long form rSox6 was too long to be reverse-transcribed by the MuLV reverse transcriptase. Therefore, it was seemed that the expression of rSox6 could not be detected in adult heart, kidney and liver. 
